ABSTRACT BACKGROUND: Negative appendectomies result in unnecessary admissions, health care burden, and cost. This study was conducted to assess total leukocyte and neutrophil counts as preventive tools in reducing negative appendectomies.
benefit in developing countries where modern health facilities may be out of reach. Use of such base line investigations for the diagnosis of common emergent conditions has a rewarding cost-benefit ratio. Total leukocyte count (TLC) and neutrophil count (NC) are among the commonly performed base-line investigations.
The rate of negative appendectomy (NA); however, remains high varying between 15-30%. [8] A NA rate of 5-15% is acceptable, keeping in mind the adverse effects of non-operability in a true appendix (TA) and advantages of safety in a negative exploration. [9] Radiographic tools like computed tomography (CT) can reduce the rate of NA from 24% to 7.6%. [10] However, such valuable tools are not ubiquitously available. The use of simple diagnostic tools is, therefore, of great importance, especially if they are cheap, and easy to perform and interpret. Consequently, this study was carried out to analyze the role of TLCand NC in preventing and/or reducing acute appendicitis (AA).
MATERIALS AND METHODS
This retrospective study was conducted in the Surgical Department of Khyber Teaching Hospital Peshawar after collecting the data of four hundred and eight patients from Au-
INTRODUCTION
Acute appendicitis (AA) remains the commonest surgical abdominal emergency. [1] Its incidence is 1.5-1.9 per 100.000 and is 1.4 times more common in men. [2] Life time risk of suffering from acute appendicitis is 7% [3] with peaks in the second and third decades of life. [4] In Pakistan, over 400.000 appendectomies are performed annually. [5] It is one of the most common surgical emergencies treated by resident surgeons.
Acute appendicitis is a clinical diagnosis supported by various scoring methods, radiographic and laboratory (lab) tests. [6] Base line investigations like total leukocyte and neutrophil count are routinely carried out in every center due to the ease of availability and interpretation. [7] These are of special gust 2012 to May 2014. Approval of the research and ethical committees was taken. In all cases, written informed consent and uniform guidelines of management were followed with the standard operating technique of a right lower quadrant incision, saline wash and primary closure.
All cases presented to us in the emergency with a diagnosis of acute appendicitis during the study period were included. Patients with interval, elective or incidental appendectomies were excluded. All cases with comorbidities such as Crohn's disease, pelvic inflammatory disease, gastroenteritis, systemic infection, and pregnancy were also excluded. Pre-operative (pre-op) clinical and laboratory data was collected for all casesincluding demographic data (age, gender), TLC (x×10 9 / Liter), neutrophil count (x×10 9 /Liter and %), neutrophil to lymphocyte ratio NLR, ALVARADO score, [11] and pre-operative (pre-op) assessment of signs of acute appendiceal inflammation. Cases were considered NA by post-op histopathological assessment. All investigations were obtained at the Pathology Department of Khyber Teaching Hospital, Peshawar. Elevated TLC was taken as count >11.5×10 9 /Litre [6] and elevated Neutrophil count was taken as >75%11. Two ROC-curves were obtained for TLC and NC after applying Logistic Regression to achieve greater probability and accurate distribution. Table 2 shows the salient cut-off points for both ROCcurves with estimated specificity at fixed sensitivity and vice versa. Table 3 shows the diagnostic measures obtained for both curves. In Table 3 , the salient measures for TLC include associated criterion; >11.9x10 9 /L at 95% confidence interval, sensitivity; 87.14%, specificity; 91.75%, area under the curve; 0.960337, overall accuracy; 91.2%, and precision; 0.972719 
DISCUSSION
The presentation of acute appendicitis has been extensively described. Diagnosis of the classical presentation is considered clinical. [12] The risk for emergency appendectomy in men and women is 12% and 23%, respectively. [13] The overall risk has been reduced due to modern antibiotics and surgical techniques. [14] Rates of complications are still higher for extremes of age, immune-compromisation, and co-morbid cases6. Complicated cases such as those with perforation, protracted course and morbidity are associated with higher costs of resources. [15] However, it is satisfactory to mention that with modern tools and techniques, mortality associated with acute appendicitis has been brought down to <1%. [16] Acute appendicitis and appendectomy is associated with costs of time and money, risks and complications, pain and morbidity. The role of reducing negative appendectomies is, therefore, understandable. A helpful tool in this regard can be the use of the TLC and neutrophil counts.
Estimated values for false positive and false negative cases for TLC were 8.722 and 45.896, respectively. Estimated values for false positive and false negative cases for NC were 8.722 and 4.06, respectively. Estimated false positive for both TLC and NC was the same, 8.722. As mentioned previously, the true and negative appendectomy status by pre-op assessment was 294 (72.1%) and 114 (27.9%), respectively. However, with histo-pathological reporting, the number of true appen- In the current study, mean TLC and NC were found to be normal in patients with negative appendectomy which are both components of the ALVARADO score. [17] It was, therefore. not surprising to find statistically significant differences between the two groups regarding these three variables with p-values for all three; TLC, NC and ALVARADO <0.001. NLR or neutrophil to lymphocyte ratio for the TA group was 2.885±0.527 compared to 2.014±0.189 for the NA group, which was statistically significant with a p-value of <0.001. The calculated sensitivity and specificity for NLR was 82.64% and 100%, respectively.
The sensitivity and specificity of TLC has been variably reported in the literature including Saaiq M. et al. 81.77% and 43.55%, [17] Anwar M. et al. 86.9% and 81.25%, [18] Kamran H. et al., 76.5% and 73.7%, [19] respectively. The sample sizes for these studies were: Saaiq M. et al. 233, Anwar M. et al. 100 and Kamran H. et al. 100. The sensitivity and specificity of TLC for this study was 87.14% and 91.75%, respectively with a sample size of 408 patients at the Youden associated criterion of >11.9x10 9 /L. As shown in Table 2 , the ROC-curve analysis revealed that the highest sensitivity of 91.63% at the fixed specificity of 80% was obtained at the cut-off value of >11.694x10 9 /L. The highest specificity of 93.86% at the fixed sensitivity of 80% was obtained at the cut-off value of >12.068x10 9 /L. The sensitivity and specificity for NC was also analyzed. In the literature, the sensitivity and specificity for NC has been reported as; Anwar M. et al. 82% and 68.75%, [18] Bates M. F. et al., 91% and 95%, [6] respectively. Their sample sizes were 100 and 847, respectively. The sensitivity and specificity of NC for this study was 98.71% and 91.75%, respectively with a sample size of 408 patients at the Youden associated criterion of >7.735x10 9 /L. As shown in Table 2 , the ROCcurve analysis revealed that the highest sensitivity of 99.36% at the fixed specificity of 80% was obtained at the cut-off value of >7.5679x10 9 /L. The highest specificity of 100% at the fixed sensitivity of 80% was obtained at the cut-off value of >8.1799x10 9 /L.
As mentioned previously, the sensitivity and specificity of NLR in our study was 82.64% and 100%, respectively compared to the sensitivity and specificity of NC which was 98.71% and 91.75%, respectively. NLR, therefore, seems to be a more specific indicator of acute appendicitis than NC; whereas, NC had greater sensitivity at 98.71%.
The overall accuracy for TLC and NC as reported by Anwar M. et al. was 86% and 80%, [18] respectively. For this study, the overall accuracy for TLC and NC was 91.2% and 97.1%, respectively. The area under the Curve (AUC) calculated by Bates M. F. et al. was 0.86 and 0.87, respectively. [6] For this study, the AUC for TLC and NC was 0.96 and 0.987, respectively.
Conclusion
With modern tools and techniques, the accuracy of diagnosis of acute appendicitis has greatly improved with resultant reduction in morbidity and mortality. In order to improve upon this, we need to further improve our diagnostic accuracy and reduce negative appendectomies. TLC and NC serve qualitatively on the ALVARADO score which notes their presence or absence. Qualitative use of the TLC and NC using appropriate cut-off points can not only improve the diagnostic accuracy but also reduce the rate of negative appendectomies, health care burden, and cost. The criterion values for our study were from a single institution, and further research must be carried out in this regard before these cut-off values can be recommended.
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